Transarterial chemoembolization (TACE) is the first-line treatment in patients with unresectable hepatocellular carcinoma (HCC). In recent years, there has been increasing clinical evidence that drug-eluting beads provide a combined ischemic and cytotoxic effect that may be superior to conventional TACE, with low systemic toxicity. The therapeutic value of TACE performed using the embolic microsphere DC Bead loaded with doxorubicin (drug-eluting bead [Cardiovasc Intervent Radiol 2012; 35: 980-985] published the first widely accepted technical recommendations on HCC embolization with DEBDOX-TACE in 2012, new studies have contributed to a better understanding of when and how to apply this new therapeutic modality, and they have yet to be incorporated into an updated guideline. Additionally, differences in the underlying liver pathology and practice of transcatheter embolization between Asian and Western populations have not been adequately addressed, and there remain significant variations in the TACE protocols adopted in different parts of the world. These mainly revolve around the number and type of chemotherapeutic agents used, type of embolic material, reliance on Lipiodol, and selectivity of catheter positioning. As a result of these issues, it has been difficult to interpret and compare results obtained from different centers in a systematic fashion. To address these concerns, we convened a panel of experts specializing in different aspects of HCC treatment to craft an updated set of recommendations that better reflect recent clinical experiences and are tailored to the use of DEBDOX-TACE in Taiwan. The conclusions of this expert panel are described in the following article.
Introduction
Transarterial chemoembolization (TACE) that incorporates an oil-based emulsion agent is well established in the treatment of hepatocellular carcinoma (HCC) patients who are not suitable for surgery. The development of drug-eluting beads (DEBs) as a substitute for oil emulsion is a relatively novel approach which has shown great clinical promise. Six years have passed since the first widely accepted technical recommendations on HCC treatment with DEBs were published by Lencioni et al. [1] , and new studies in the intervening years have contributed to a better understanding of when and how to apply this new therapeutic modality. Additionally, important differences in terms of underlying liver pathology and the practice of transcatheter embolization exist between Asian populations and the studies cited in Lencioni et al.'s [1] guideline. To address these concerns, we convened a panel of experts specializing in different aspects of HCC treatment to craft an updated set of recommendations that better reflects recent clinical experiences and is tailored to the use of DEBs in Taiwan.
HCC is the predominant primary liver cancer in many countries and is the third most common cause of cancer-related death in the Asia-Pacific region. In the Asia-Pacific region, chronic hepatitis B virus (HBV) and hepatitis C virus infections are the main etiological agents; in particular, chronic hepatitis B is still the major cause in all Asia-Pacific countries except Japan. Chronic hepatitis C is an important cause of HCC in Japan, representing 70% of HCCs. Over the past several decades, the prevalence of chronic hepatitis C has been rising in many Asia-Pacific countries [2] . The highest age-adjusted incidence rates (> 20 per 100,000) of HCC are recorded in East and South-East Asia (North and South Korea, China, Hong Kong, Taiwan, Thailand, Vietnam, and Philippines) and in sub-Saharan Africa, which accounts for 82% of liver cancer cases worldwide. In particular, 55% of all HCC cases worldwide are reported from China [3] . A medium-to-high incidence rate is found in Southern Europe, whereas lowincidence areas (< 5 per 100,000) are found in South and Central America and the rest of Europe [4] .
HCC is the second leading cause of cancer-related death in Taiwan, the majority of cases being associated with chronic HBV infection [5] . With an estimated 75% of the more than 350 million HBV carriers worldwide living in the Asia-Pacific region, including Taiwan [6, 7] , HCC remains a serious global health-care issue. More than 70% of new liver cancer cases diag-nosed annually were found in Asia [8] , a region that also contains an estimated 75% of the global burden of chronic HBV patients [3] . Chronic HBV infection is the main cause of HCC in Asia, where the virus is endemic and vertical transmission is common. Japan, Saudi Arabia, Egypt, and Pakistan are some of the few exceptions due to the high prevalence of hepatitis C virus infection in these countries [9, 10] .
While surgical resection continues to be a mainstay of treatment in appropriately selected patients, less invasive techniques, such as TACE, have become accepted worldwide as an effective treatment for patients with unresectable HCC [11, 12] . Previous studies have shown that staging of HCC based on the tumor-node-metastasis (TNM) system and therapy selection via the Barcelona Clinic Liver Cancer (BCLC) staging system are also applicable in the Taiwanese population and convey survival benefits [13] [14] [15] . First introduced in 1980, TACE is based on the principle of delivering a high local concentration of chemotherapeutic drug via the hepatic arterial infusion, followed by embolization or reduction in arterial flow using various types of particles. The surrounding liver parenchyma is spared due to its preferential blood supply by the portal venous circulation. The reduction in arterial inflow is conceptually appealing because it directly causes some degree of ischemia within the tumor, which may induce tumor cell death, and significantly extends tumor drug concentrations. As a result, systemic toxicity is reduced since most of the injected chemotherapeutic agent will remain within the tumor bed rather than escaping to the systemic circulation. In the hands of an experienced operator, therapeutic effects can be achieved with minimal systemic toxicity [16] .
In spite of its physiological advantages, preservation of liver function remains a major concern after conventional TACE (cTACE) with oil emulsion-based agents. An increase in liver enzymes after embolization is well documented and indicates variable levels of hepatocyte injury [17] . A potential complication of TACE is post-treatment HBV reactivation, and careful monitoring of viral load is needed. Recent studies have found that administration of nucleoside analogs can effectively inhibit HBV reactivation in post-TACE patients and can reduce the rate of liver function deterioration and liver failure. Toyoda et al. [18] have reported that the use of nucleoside analogues therapy could also lead to longer survival in patients with HBV-associated HCC who were treated with TACE. Another important limitation of cTACE is inconsistency in the technique and arrangement of embolization schedules, which is caused in part by the unpredictable duration for which chemotherapeutic agents remain within each tumor. To further improve patient tolerance of TACE and sustain high concentrations of chemotherapeutic agents within tumors, DEBs have been developed to complement conventional treatment regimens. Recent clinical studies have shown that DEBs loaded with doxorubicin have a safe pharmacokinetic profile with lower systemic drug exposure and significantly reduced liver toxicity compared to cTACE [16, 19, 20] . Importantly, doxorubicin levels remain detectable in the liver parenchyma for up to 1 month after embolization [12] .
DC Bead (Biocompatibles UK Ltd.) is a relatively new embolic agent that consists of microspheres, which can be used on its own or in conjunction with doxorubicin. In a multicenter randomized controlled trial, investigators treating HCC patients with DEB doxorubicin (DEBDOX)-TACE found a significant decrease in liver toxicity and drug-related adverse events compared to cTACE [16] . There is also mounting evidence that DEBDOX-TACE treatment response rates for individuals with unresectable single tumors or multiple tumors (intermediate stage), Child-Pugh class B cirrhosis, or recurrent HCC are higher than can be consistently achieved with cTACE [16, [20] [21] [22] . In an Asian case-control study, Song et al. [23] reported that patients with larger (> 5 cm) or multiple HCC tumors responded better to DEBDOX-TACE than to cTACE. Given its favorable clinical response and potential to reduce complications, TACE regimens utilizing DEBDOX-TACE are increasingly being considered as first-line treatment tools for HCC [24] [25] [26] [27] . Even though treatment efficacy of DEBs in advanced-stage HCC (i.e., BCLC stage C) has not been extensively studied, preliminary experience suggests that patients with Child-Pugh class A disease with advanced disease may fare better with aggressive locoregional treatment in the form of TACE with DEBs than with systemic monotherapy with sorafenib. Furthermore, based on the results of some recent studies, we might conclude that TACE with DEBs could improve the clinical effectiveness in patients with more advanced HCC and be safe in high-risk patients [28] [29] [30] [31] .
Despite the clinical success of both cTACE and more recent DEBs, an important issue remains to be addressed in daily practice. Multiple variations of TACE protocols remain in use around the world, mainly revolving around the number and type of chemotherapeutic agents used, type of embolic material, reliance on Lipiodol, and selectivity of catheter positioning. As a result, it has been difficult to interpret and compare results obtained from different centers in a systematic fashion. This article summarizes the conclusions of a panel of experts convened to establish a possible consensus on standardized TACE regimens based on DEBDOX-TACE in Taiwan.
Consensus Recommendations on the Use of DEBDOX-TACE in HCC Treatment
A multidisciplinary panel of physicians with expertise in the fields of interventional radiology, gastroenterology, surgery, and oncology, all of whom have experience with the use of DEBDOX-TACE in HCC treatment, gathered to develop the following technical recommendations. This document presents a summary of the consensus recommendations of our multidisciplinary expert panel. All members have considerable experience in the field of interventional oncology and include interventional radiologists, general surgeons, gastroenterologists specializing in hepatology, as well as oncologists. Guidelines were generated based on the Oxford Center for Evidence-Based Medicine (OCEBM) (March 2009) (including level of evidence/recommendation) ( Table 1 ; online suppl. Appendix 1; for all online supplementary material, see www.karger.com/doi/10.1159/000487608) [22] and a face-to-face meeting, while the manuscript was prepared by the lead author and approved by the entire group prior to submission. Although these recommendations may serve as a set of general guidelines, each patient undergoing TACE presents with a unique combination of individual and tumor characteristics that must be carefully assessed, and the best approach can only be decided on by the interventional radiologist treating the patient.
Patient Selection (Level of Evidence: 1b/Recommendation: A)
At present, DEBDOX-TACE use in TACE is primarily indicated in patients who are unable to receive curative treatment via surgery, liver transplantation, or percutaneous ablation, which is similar to cTACE. Based on consensus recommendations on HCC treatment by the Asian Pacific Association for the Study of the Liver, TACE is recommended as a first-line treatment for unresectable, large, or multifocal HCCs without vascular invasion or extrahepatic spread (1b/A). TACE can also be selectively performed in early-stage patients for whom radiofrequency ablation is unsuitable due to either tumor location or medical comorbidities (3/C) [32] . Besides the indications it shares with cTACE, DEBDOX-TACE can also be considered as a salvage embolizing agent when HCC has proven refractory to cTACE [33] .
There is currently no consensus on maximum treatable tumor size for TACE with DEBDOX-TACE, and size should not be considered an absolute exclusion criteria. The most important factor to consider is postembolization liver function, which depends in large part on the amount of remaining liver volume that is preserved. Rather than considering the absolute size of the tumor in relation to the liver, an assessment should be made based on a patient's pretreatment liver function and the percentage of functional liver parenchyma that would remain after TACE. In general terms, a pretreatment Child-Pugh classification score of A is recommended, but superselective embolization may still be considered even in Child Pugh class B [16] .
If vascular invasion in the form of portal vein thrombosis is present, we recommend the following guidelines based on Watanabe et al.'s [34] grading scheme. There are 5 grades in total, Vp0 to Vp4, which correspond to progressively more central thrombosis of portal venous branches. Patients with Vp1 or Vp2 levels of portal thrombosis may still be treated with DEBDOX-TACE, while Vp3 cases should receive complementary radiotherapy. The presence of severe portal vein thrombosis (Vp4) is a relative contraindication. In all cases with portal vein thrombosis, other therapeutic modalities, such as Yttrium-90, hepatic artery infusion chemotherapy, and target therapy, should be considered in addition to TACE.
Pre-Treatment Imaging [24] (Level of Evidence: 1a/Recommendation: A) All patients should undergo either abdominal contrast-enhanced computed tomography (CT) with 3-or 4-phase image acquisition or magnetic resonance imaging (MRI). This allows the physician to evaluate whether there is indication for transcatheter treatment of HCC with DEBDOX-TACE and to establish an individualized treatment approach. To accurately assess the number, size, and location of hepatic lesions, both CT and MR scans should include unenhanced, arterial and portal venous phases. Utilizing appropriate contrast injection rates and optimal scanning protocols is crucial for separating individual imaging phases, which will allow for a high HCC detection rate and identification of benign lesions that may coexist within the liver. Any extrahepatic involvement either within the abdomen or in distant organs should also be sought via additional examinations.
Loading Dose of Doxorubicin [30] resulting in a loading dose of 25-37.5 mg doxorubicin per mL of beads. The maximum dose for a single treatment session has been set at 150 mg, based on a study showing that this was the maximum acceptable dose for local infusion of doxorubicin. Up to a day prior to planned DEBDOX-TACE treatment, the hospital pharmacy will load the desired chemotherapy agent. This is achieved by first making a solution of the drug in isotonic saline to the desired concentration, then injecting it into the vial containing a slurry of DC Bead from which the packing solution has been removed. Depending upon the selected bead size range, drug uptake onto the DC Bead will occur between 30 min and 2 h (small beads load more quickly due to surface area effects). Since maximum drug loading capacity is controlled by the number of drug-binding sites in the beads, the maximum dose achievable per volume is dependent on the molecular mass of the chemotherapeutic drug. In general, we recommend a maximum load of 75 mg of doxorubicin in a single 2-mL vial of DC Bead. The loading time (to reach 98% uptake) for 75 mg of doxorubicin per vial of 100-to 300-µm DC Bead is 60 min, while 300-to 500-μm and 500-to 700-µm beads take 90 and 120 min to load, respectively.
Dosage Planning for Doxorubicin (Level of Evidence: 2b/Recommendation: B)
The doxorubicin dose infused during each DEBDOX-TACE should be adjusted on an individualized basis and tailored to a patient's current disease status. Although we cannot make an absolute dose recommendation that is appropriate for every patient, the interventional radiologist may be guided in part by comparing the patient's disease status with the Milan criteria proposed for liver transplantation (solitary tumor ≤5 cm or a maximum of 3 tumors each ≤3 cm). For limited HCC within the Milan criteria, the treatment strategy may include escalation of doxorubicin dose up to 75 mg, loaded into each vial of DC Bead during a single TACE. For advanced disease, exceeding the Milan criteria, the doxorubicin dose may be increased to a maximum of 150 mg loaded into 2 vials of DC Bead. If both lobes of the liver are involved and the tumors are large, each lobe can be embolized in separate treatment sessions 4 weeks apart. Delay in subsequent treatment may be required should serious complications arise. Liver enzymes should be allowed to return to baseline before performing the second treatment session. Tumors in both hepatic lobes may be embolized in a single session, with the dose being split according to the extent of tumor burden.
In case a solitary or unilobar HCC is bulky, it should be approached in a similar manner as bilobar tumors. Two sessions separated by a 4-week recovery period are recommended in most cases unless the tumor has replaced a majority of the liver parenchyma, in which case an additional management strategy should be contemplated. In addition, for extremely hypervascular tumors where flow stasis cannot be achieved by DEBDOX-TACE alone, additional embolizers with unloaded beads of appropriate size combined with Gelfoam may be applied. It should be noted that this process should only be attempted by experienced interventional radiologists, and great care must be taken to avoid excessive embolization resulting in permanent injury to local biliary and vascular systems.
Contrast material pooling in the target tumor bed is referred to as a vascular lake and is often seen during TACE with DEB microspheres for patients with HCC [16] . These vascular lakes are theorized to be blood-filled sinuses within the tumor resulting from extravasation and show possible correlation with tumor size and treatment response [35] . Although a consensus on the management of these cavities during TACE has yet to be established in the literature, all members of this panel unanimously recommended that Gelfoam be administered after DEBDOX-TACE injection, in order to achieve complete embolization in tumors with one or more vascular lakes [36] .
Choice of DC Bead Size (Level of Evidence: 2b/Recommendation: B)
DC Bead is commercially available in 4 sizes: 70-150, 100-300, 300-500, and 500-700 μm. While the selection of DC Bead size is guided by tumor vascularity and the size of tumorfeeding arteries, use of 100-to 300-μm beads is recommended as a reference. Beads with smaller diameters can be delivered more readily into distal tumor-feeding vessels, while larger beads tend to become lodged in more proximal arteries where they may cause thrombosis [37] . If the larger feeding hepatic arteries become occluded and inaccessible, future TACE procedures may be rendered much more difficult. Therefore, we recommend using the smaller 100-to 300-μm beads, which allows good tumor penetration while preserving normal hepatic feeding arteries [38] .
Although the best bead size range for each treatment will be unique to the patient, in general, if the tumor is smaller than 3 cm in diameter, DC Bead M1 (70-150 μm) is recommended. If this is unavailable, then 100-to 300-μm beads can be applied. For very large tumors, we suggest 2 vials of beads be used in combination, one being 100-300 μm and the other being 300-500 μm in size.
HCC with an arteriovenous shunt confers an increased risk of pulmonary complications during TACE. Special care should be taken to choose the appropriate bead size in these patients, and Gelfoam embolization to obliterate tumor feeders should be considered. Moreover, larger HCCs may be accompanied by intratumoral arterioportal or arteriovenous shunts, and caution should be taken when using the smaller sizes of embolic particles to avoid hepatic and pulmonary injury [39] . It is recommended that embolization with Gelfoam pledgets be conducted for patients with significant hepatic arterioportal or arteriovenous shunting prior to consideration for DEBDOX-TACE treatment. Even if occlusion of surrounding shunts has been confirmed by angiography, DEBDOX-TACE beads at least 100-300 μm in size may still be a better choice in these patients.
Preparation of DC Bead for Injection [30] (Level of Evidence: 1a/Recommendation: A)
A nonionic contrast medium should be used to deliver the doxorubicin-loaded DC Bead. Each mL of DC Bead should be mixed with at least 5-10 mL of nonionic contrast (i.e., 1 vial of DC Bead into 10-20 mL of nonionic contrast) before injection.
Catheter Positioning (Level of Evidence: 2b/Recommendation: B)
Prior to each embolization, angiography of the hepatic and superior mesenteric artery should be performed to demonstrate liver arterial anatomy and feeding arteries to the tumor, as well as to check for obvious portal or venous shunts. C-arm cone-beam CT (CBCT) with rotational angiography may be used to identify tumor arterial supply with greater confidence, while the multiplanar reconstructions obtained during rotational imaging can help guide catheter tip positioning. For the segmental or subsegmental approach, a microcatheter should be superselectively positioned into the feeding vessels if at all possible, and all of the vessels feeding the tumor must be accurately located [40] . The application of microcatheters reduces the incidence of vasospasms and ensures forward flow of embolic materials during DC Bead delivery, although the operator should still take care not to wedge the catheter tip too tightly so as to avoid reflux along the catheter shaft.
Larger tumors may require a lobar approach, in which case a catheter is placed as selectively as possible into the left or right hepatic artery while avoiding the origin of arterial branches supplying extrahepatic organs, such as the cystic artery. To prevent inadvertent reflux of embolic particles into these branches, they must be bypassed either by extending the catheter tip well past the vessel origins or, if this is not feasible, by embolizing the arteries with coils or gelatin sponge prior to DEBDOX-TACE administration. Once injection begins, forward flow of beads into the target vessel must be continuously monitored to prevent complications.
When used in conjunction with conventional selective and superselective angiography, this technique can also more accurately delineate the distribution of embolic materials. Therefore, we also recommend repeating CBCT or angio-CT immediately after DC Bead delivery, in order to confirm suitable tumor saturation and occlusion of feeding vessels [41] .
Injection Rate [30] (Level of Evidence: 1a/Recommendation: A) DEBDOX-TACE injection must be slow and steady, with the rate determined by flow within the target vessel. Periodic rotation of the bead-containing syringe helps prevent beads from sinking to the bottom, or a 3-way stop cock may be used to maintain suspension of DC Bead within its nonionic contrast medium.
Embolization End Point (Level of Evidence: 2b/Recommendation: B)
The end point of embolization is stasis (complete obliteration of tumor stains on digital subtraction angiography) or near-stasis (absence of contrast flow in the tumor-feeding artery within a span of 2-5 heart beats) [42] of flow in the segmental artery that directly feeds the target tumor, at which point further DEBDOX-TACE injection should cease. While the absence of tumor stain on postembolization angiography is the primary guide of flow stasis, the appropriate end point may be different during each treatment depending on patient and tumor factors. First of all, the catheter tip position during DEBDOX-TACE injection and follow-up angiography certainly influences the appearance of stasis, and the tip should be placed so as to show preserved arterial flow to normal liver parenchyma as well as absence of tumor stain. The flow rate of follow-up angiography should also be similar or slower than that used during diagnostic imaging. Another issue to consider is the patient's baseline cirrhosis status, which affects whether lobar, segmental, or subsegmental embolization can safely be considered. In any case, the operator's experience and clinical decision should be the final guide in determining the embolization end point.
Regardless of the amount of DEBDOX-TACE actually administered after the end point is reached, reflux of embolic particles due to excess infusion must be avoided. It has been previously reported that complete stasis of a target artery may lead to an increase in adverse effects [43] [44] [45] , including increased liver toxicity [46] and expression of angiogenic growth factors that may induce HCC disease progression [47] [48] [49] . If the end point is not achieved after injection of the scheduled volume of loaded DC Beads, 1 of 3 separate choices may be taken. One option is to inject additional unloaded beads until near-stasis is attained. Another choice would be to infuse Gelfoam instead of beads until complete obliteration of tumor stain is observed on angiography. This recommendation is based on the treatment experience of members in our expert panel and differs from the previous guideline by Lencioni et al. [1] . The other choice is to refrain from injecting additional embolic material and instead schedule the patient for a repeat treatment after an interval during which imaging follow-up can be arranged.
Post-Treatment Imaging (Level of Evidence: 1a/Recommendation: A)
To evaluate tumor response and plan further therapy, liver dynamic CT or MRI should be performed 4-6 weeks after a course of DEBDOX-TACE. Use of the modified Response Evaluation Criteria in Solid Tumors (mRECIST) guideline for HCC response classification [50] is recommended to assess response and predict patient outcome. Individuals for whom complete response was not attained should be considered for repeat treatment with DEBDOX-TACE, except in cases where technical difficulties, such as small or tortuous feeding arteries, prohibit further TACE. Embolization may be scheduled after 4-8 weeks of recovery, in the absence of contraindications and with confirmation that liver enzymes have returned to baseline levels. For patients with no evidence of residual viable disease, imaging follow-up is recommended every 3 months.
Treatment Discontinuation (Level of Evidence: 1a/Recommendation: A)
If objective response in treated tumor(s) cannot be achieved after at least 2 courses of DEBDOX-TACE therapy, it is defined as untreatable progression, and bead embolization should cease. In this case, alternative management may be applied depending on tumor and patient condition. Although new intrahepatic tumor foci arising in a region distinct from previously treated tumors are clearly defined as tumor progression according to mRECIST, this does not contraindicate further treatment with DC Bead. Treatment should be discontinued if a patient experiences deterioration in clinical or functional status, more specifically if persistent hepatic decompensation occurs or if there is a progression in ECOG performance status > 2 [1] . It should be noted that while this panel suggests a minimum number of DEBDOX-TACE before determining whether it is an effective treatment, there is no maximum number of embolization as long as patient condition permits treatment and tumor control is achieved.
Final Remarks
The consensus recommendations given in this article represent the meticulous efforts of a panel of experts at instituting a consistent and effective standard for the treatment of HCC using DEBDOX-TACE. It is meant to serve as a general guideline rather than a strict set of rules, and the various tumor-and patient-related factors that affect each case should be considered in tailoring treatment to best suit individual needs. We firmly believe that interventional radiologists should have the final say in deciding on the technical aspects of each embolization procedure, while keeping the recommendations listed here in mind. In closing, we must stress that despite the generally improved patient tolerance of DEBDOX-TACE compared to cTACE, the operator must be cognizant at all times of the spectrum of potential adverse events and complications associated with this procedure so as to manage them appropriately.
